Abstract The degradation behaviour of pirimiphos methyl with Saccharomyces cerevisiae and chlorpyrifos methyl with Lactobacillus plantarum in wheat during fermentation was studied. Yeast fermentation was especially effective for reduction of pirimiphos methyl applied at 5 mg kg -1
Introduction
Pesticides play important role in the development of the agriculture however the hazards they bring along with them to food safety and human health is becoming the focus of world attention. Chemical pesticides applied at fields might contaminate soil and water thus indirectly causing the food pollution, or could directly pollute the foods. Either way, the frequent presence of residues of various pesticides in commercial food products, as well as their high toxicity, is nowadays an important and real concern. One of the main parts of human diet nowadays is based on wheat flour and its processed products, primary bread, thus, need for tremendous increase of wheat crop cultivation and production is evident in countries world wide. Continues increment of wheat productivity can be attributed not only to planting area increase, but also to yield rise, and without intensive usage of pesticides wheat yield would be unsatisfactory, harvest could be reduced, and loses during storage might be high. In most countries, especially ones in which the production of wheat is one of the main sectors of the economy, stored cereal grain is usually protected from insect attack by various contact and persistent insecticides. Long-term persistence insecticides with an extended insecticidal activity, as organophosphorus pesticides pirimophos-methyl and chlorpyrifos methyl, are the most commonly used ones for this purpose.
& Tijana M. Ðord¯ević tijana.djordjevic@hotmail.com Pirimiphos methyl (0-(2-diethylamino)-6-methyl-4-pyrimidinyl) 0,0dimethyl phosphorothioate) is insecticide with capacity of controlling a broad spectrum of pests. It can be used as contact poison as well as fumigant. Volatility of this pesticide is low, as well as its water solubility. Hydrolysis of pirimiphos methyl is pH dependent in aqueous solution, whereby at pH 7 it is remarkably slow, somewhat faster although still slow at pH 9, while quite rapid at pH 4. The main hydrolysis products are 2 diethylamino-4-hydroxy-6-methyl-pyrimidine-4-ol, recovered at all three pHs, which do not retain the organophosphate moiety, as well as O-2diethylamino-6-methyl-4-pyrimidinyl-0-methyl-phosphorothioate, recovered at significant amounts in the pH 7 and 9 solutions, which do contain the organophosphate moiety and therefore, may still have significant toxicological activity. However, in metabolism studies of stored grain there were no significant levels of degradation products other then 2-diethylamino-4-hydroxy-6-methyl-pyrimidine-4-ol detected, thus the anticipated residues and dietary exposure analysis for grain include residues of parent only. Chlorpyrifos methyl (O,O-dimethyl O-(3,5,6-trichloro-2-pyridyl) phosphorothioate) is also contact broad-spectrum insecticide with respiratory and stomach action as well. In the pesticide classification by hazard, recommended in the WHO, this pesticide is at the list of products with low risk for causing acute toxic effects. Water solubility of chlorpyrifos methyl is very low, as well as its volatility. Its hydrolysis in aqueous solution depends on pH in the way that it is faster at higher pH (pH 8). The main hydrolysis product is 3,5,6-trichloro-2-pyridinol, whereby degradation mechanism involves chemical hydrolysis and microbial activity.
Maximum residue levels (MRLs) for pirimiphos methyl and chlorpyrifos methyl in wheat set by regulatory bodies worldwide are 5 i.e. 3 mg kg -1 respectively. When application of those agrochemicals is in accordance with GLP (good agricultural practices) there are no risks for exceeding MRLs, however incorrect usage of pesticides could lead to accumulation of significant amount of harmful residues in environment. Further, in order to estimate health risks on human from pesticide residues input through food chain, basic established MRLs are not sufficient. Additional information regarding possible residues loss during processing of food commodities need to be taken into consideration in order to accurately regulate acceptable usage of pesticides (Fleurat-Lessard et al. 2007) .
Various techniques and methods involved during food processing at the industry or domestically level have been found to play a role in the significant reduction of pesticides. Reviewing this topic Kaushik et al. (2009) obtained that washing, peeling, drying, pasteurization, sterilization, blanching, steaming, boiling, cooking, frying, roasting, milling, juicing, pureeing, etc . reduced pesticide residues levels in majority of the food commodities, as well as in wheat grain among others. Wheat is a world main cereal crop and one-third of its income is being consumed by milling and baking, thus this food commodity have been widely studied for presence of pesticide residues, and there are few publications dealing with the removal of pesticide residues from wheat during home preparation and commercial processing. Sharma et al. (2005) established the dissipation of endosulfan, chlorpyriphos, malathion, hexaconazole, propiconazole and deltamethrin during bread making, Fleurat-Lessard et al. (2007) studied the durum wheat and distribution of pirimiphos methyl residues in its milling fractions during the processing, while Uygun (2009) investigated degradation of malathion, malaoxon, isomalathion and chlorpyrifos methyl in wheat during cookie processing. Reduction of pesticide residues during fermentation, the oldest plain biotechnological process implemented in production of pastry, dairy, wine, beer and numerous other different foods, has been recorded in majority of tested commodities. González-Rodríguez et al. (2009) established that dissipation rates of pyraclostrobin, famoxadone, benalaxyl-M, and benalaxyl residues reached up to 95% at the end of the vinification. During this technological process a significant decrease in the mepanipyrim and fenhexamid content was observed after fermentation (Noguerol-Pato et al. 2015) . Similar was confirmed later, as Noguerol-Pato et al. (2016) obtained more than 68% of fungicide dissipation during the process. Bo et al. (2011) reported that in the process of transformation of bovine milk into yoghurt, as the treatment time progressed content of dimethoate, fenthion, malathion, methyl-parathion, monocrotophos, phorate and trichlorphon decreased, while Ruediger et al. (2005) reported that malolactic fermentation resulted in significant reduction of chlorpyrifos, up to 70%, and Lu et al. (2013) confirmed dissipation behaviour of organophosphorus pesticides during the cabbage pickling process. However, it is shown that some microorganisms were capable of pesticides degradation, there is insufficient knowledge about effect of fermentation processes on OPP residues reduction in cereals. As fermentation is one of the technological processes which is often used to improve product properties by obtaining samples with more complex positive nutritive profile (Salgado et al. 2012; González-Barreiro et al. 2015) , the lack of information about pesticide dissipation during cereal fermentation, as the main processing technique during bread baking, was surprising.
In the present study the degradation of pirimiphos methyl in after yeast fermentation and chlorpyrifos methyl after lactic acid fermentation in wheat were studied and compared. First order reaction model was used to calculate degradation rate constants. The aim of the experiment was to evaluate the ability of microorganisms to provoke organophosphate degradation in wheat dough.
Materials and methods

Starter culture and growth conditions
Lactobacillus plantarum (DSMZ 20174) and Saccharomyces cerevisiae (WDCM 00058; CBS 2978) (collection of Faculty of Technology and Metallurgy, Belgrade, Serbia, Laboratory of Microbiology) were used for the fermentations. Cells kept at 4-6°C were activated prior usage by incubation at 30°C for 24 h in suitable growth substrates (MRS and YPD broth, Torlak Institute, Belgrade, Serbia). For the wheat fermentation, cell harvesting was done by centrifugation at 9580g (10 min; 4°C) (Velocity 14R, Dynamica, Salzburg-Mayrwies, Austria) after incubation up to the exponential phase of growth at 30°C (24 i.e. 5 h respectively). Phosphate buffer (50 mmol L -1 ; pH 7.0) (Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany), was used for cell washing and, prior inoculation into wheat substrate, cells were re-suspended to its original volume in sterile distilled water.
Analytical standard and working solutions
Analytical standards of pirimiphos methyl (Dr. Ehrenstorfer GmbH, Augsburg, Germany, purity 99.2%) and chlorpyrifos methyl (Dow Agro Sciences, Indianapolis, Indiana, USA, purity 99.9%) were dissolved in acetone (J.T. Baker, Deventer, Netherlands) and stored at -18°C. Working solutions of analytical standards were diluted in sterile distilled water prior usage.
Sample preparation
For the preparation of the wheat substrate, Triticum spelta grain produced through organic farming on Jevtić farm (Bačko Gradište, Serbia) was milled, divided into two groups, and one was spiked with 5, 25 and 75 mg kg -1 of pirimiphos methyl while other with 3, 15 and 45 mg kg -1 of chlorpyrifos methyl (chosen concentration were MRL, 5MRL and 15MRL of pesticides for wheat). After homogenization for 24 h, wheat slurry was prepared as previously described (Ðord¯ević and Ðurović-Pejčev, 2015) . S. cerevisiae was inoculated in samples fortified with pirimiphos methyl, while L. plantarum was inoculated in samples fortified with chlorpyrifos methyl. Inoculations were performed individually at levels 6, 8 and 10% (v/w). Fermentations were attained in incubators at 23, 30 and 37°C (FOC 225 l, Velp Scientifica, Usmate, Italy), and sampling was performed after 24, 48 and 72 h. Two controls were used: first comprised sampling a portion directly after sterilization of wheat and prior inoculation to see the effect of high temperature and elevated pressure on pesticides degradation, and second consisted of samples maintained at the same temperatures as for fermentation but without starter and analysed after 24, 48 and 72 h to check the pesticides spontaneous chemical degradation.
Pesticides extraction, purification and detection
For the analyses of OPPs residue, samples were prepared as previously described (Ðord¯ević et al. 2013a, b) . For the detection device, a gas chromatograph-mass spectrometer (GC/MS) (CP-3800/Saturn 2200, Varian, Melbourne, Australia) was used, and it was operated under previously described conditions (Ðord¯ević et al. 2013a ). Ions (m/z) used for quantification (confirmation) were: 290(233) for pirimiphos methyl and 286(125) for chlorpyrifos methyl.
Calculation of kinetic parameters and statistical analysis
Kinetic parameters of OPPs degradation were calculated by the kinetic equation of a first-order reaction model expressed as below.
Àkt where, C t is OPPs concentration (mg kg -1 ) at time t (hour or day), C 0 is initial OPPs concentration (mg kg -1 ), k is rate constant (hour -1 or day -1 ). All trials were done in triplicates. Statistica 8.0 (StatSoft Inc., Tulsa, Oklahoma, USA) was used for the statistical analysis.
Results and discussion
GC detection of OPPs
Analysis procedure for pesticide extraction and purification used in this study was developed in our previous work as rapid preparation method for GC/MS analysis of pesticides in soil (Ðurović and Ðord¯ević 2010) . However, this procedure proved to be effective for readily extraction of pirimiphos methyl and chlorpyrifos methyl from unfer-mented and fermented wheat samples. Thus, recoveries, measured at four levels of fortification (for pirimiphos methyl-1, 5, 10 and 20 mg kg -1 and for chlorpyrifos methyl-0.6, 3, 6 and 12 mg kg -1 ) ranged for unfermented wheat samples from 86.1 to 90.3% (with RSD% in range 1.1-6.9%), and from 83.9 to 89.7% (with RSD% in range 1.1-8.4%) respectively for those two pesticides. For fermented wheat samples recoveries ranged from 89.9 to 96.0% with RSD% from 3.1 to 7.2% for pirimiphos methyl and from 84.6 to 88.8% with RSD% from 2.4 to 5.2% for chlorpyrifos methyl (Table 1) . Limits of detection and quantification (LOD and LOQ), obtained in previous work, were 0.011 and 0.04 mg kg -1 for pirimiphos methyl, and 0.007 and 0.04 mg kg -1 for chlorpyrifos methyl (Ðord¯ević et al. 2013b; Ðord¯ević and Ðurović-Pejčev 2015) . It is clearly that used method has appropriate sensitivity sufficient for pirimiphos methyl and chlorpyrifos methyl determination at concentration rates far below their maximum residue limits.
OPPs degradation in wheat dough
Bacteria, yeast and moulds are constitution of natural microbial population on cereal grains (Russo et al. 2010 ) thus flour and flour-based products (basically yeast-raised dough) is normally contaminated with several of those microorganisms. As regularly, in bakery, flour is not subjected to sterilization, the complexity and number of so called sourdough microbiota depend on a number of determinants, which include not just environmental microbiota, but also specific technological parameters. Because of that, in order to isolate the effects of L. plantarum and S. cerevisiae on residues of pesticides, autoclaving of milled fortified wheat samples was perform prior preparation of fermentation substrate, with aim to eliminate presence and metabolic activities of wild strains. Thermal processing has long been perceived to generally led to the reduction of the nutritional value of product by diminishing various heat labile nutrients. However, recent studies reported that autoclaving, among other tested stabilization treatments of whole wheat flour, improved digestibility of proteins, phytate content, minerals and dietary fibres and intensify antioxidant activity of flour by increasing total phenolic content (Demir and Elgün 2014) . As it was recorded that during thermal treatments involving pasteurization and/or sterilization (autoclaving) degradation of pesticides may occur at different rates (Lalah and Wandiga 2002; Kontou et al. 2004) , possibility that applied sterilization may affect residues of pirimiphos methyl and chlorpyrifos methyl in wheat was took in consideration in this study. As can be seen from obtained results presented in Table 2 , the concentration of chlorpyrifos methyl in the samples after thermal processing for 15 min at 121°C (103 kPa) was drastically reduced at all fortification levels, reaching 77.6% for sample spiked with MRL, 75.8% for one spiked with 5MRL and 75.1% for sample fortified with 15MRL of pesticide. The concentration of pirimiphos methyl was reduced at somewhat lower level, reaching 38.0, 42.6 and 48.5% respectively for those fortification levels. This is in correlation with earlier established observations, as Uygun et al. (2009) reported that volatilization and/or degradation of OPPs residues occurred during heat treatments, with significant reduction in pesticides concentration levels not just after exposing to extremely high temperatures (205°C), but also after treatment with lower ones (40°C). Clearly, volatilization of pesticides by itself increases throughout heating, thus reducing residue amounts of those agrochemicals. Heat as well can boost hydrolysis and other chemical degradation with the same results concerning pesticide residues concentration rates. The main physico-chemical processes responsible for pesticide loss during thermal treatments of various substrates are co-distillation, thermal degradation and/or evaporation, and the chemical nature of specific pesticides dictate which of those will prevail (Sharma et al. 2005) . Additionally, if sample which undergo heating contains significant amount of water, it may penetrate the molecules of the pesticides and provoke co-distillation along with thermal degradation and evaporation (Cabras et al. 1998) . Considering all this, high reduction of chlorpyrifos methyl Table 3 indicated that biodegradation of pirimiphos methyl during wheat fermentation by S. cerevisiae occur red at all three fortification level. Pirimiphos methyl extracted from sterilized samples immediately after inoculation (day zero) was determined at each fortification level as recovery for correction of pesticide concentration level at the beginning of incubation. In order to point out the effect of S. cerevisiae, separately, on pirimiphos methyl residues, determination of chemical degradation of pesticide which occurred spontaneously in the control wheat substrate maintained at the same temperatures as for fermentation without yeast inoculations was performed. Obtained results showed that there were reductions of 10.2%, 21.1%, respectively in sample spiked with MRL, 5MRL and 15MRL of pirimiphos methyl during the incubation, though statistically significant differences were not suggested between variations in incubation parameters (a = 0.1, p \ 0.1). Commonly, during storage, grains over an extended period exposed to ambient temperature and humidity and pirimiphos methyl is generally more persistent insecticide. However, concerning chemical nature of this pesticide, its obtained low degradation in present experiment could be caused by elevated temperature and humidity. Further, during yeast fermentation, pirimiphos methyl degradation in wheat was significantly impacted by the inoculated S. cerevisiae. The highest overall dissipation of pirimiphos methyl, up to 48.8% comparing with control and considering dissipation during sterilization, occurred in samples fortified with the lowest used concentration (5 mg kg -1 ), and pesticide reduction rate decreased with an increase of fortification rate. Thus in samples fortified with 25 mg kg -1 reduction was up to 27.1%, while in samples with 75 mg kg -1 it was 23.7%. Lower pesticide dissipation, as a result of biodegradation by yeast, in samples contaminated at higher rate with pirimiphos methyl is most likely consequence of pesticide toxicity to yeast, as numerous authors previously found that some strains cannot normally grow in substrates contaminated with various pesticides (Shin et al. 2003; Č uš and Raspor 2008; Bi Fai and Grant 2009; Noguerol-Pato et al. 2014 ). Concerning differences in reduction rate among variations of incubation parameters, results indicated that initial inoculums size had no statistically significant effect on pesticide dissipation level while at all fortification levels the highest degradations, mentioned previously, occurred at 30°C. Somewhat lower, thus not significantly, pirimiphos methyl degradation occurred at 37°C (max 41.5, 24.2 and 22.0% respectively in samples fortified with 5, 25 and 75 mg kg -1 ), while the lowest reduction (max 28.3, 11.0 and 14.8% respectively in those samples) was obtained during yeast fermentation at 23°C. As can be seen from results and degradation rate constants in Table 3 , residual pirimiphos methyl in fermented samples, as well as in control, showed decreasing trend as fermentation time progressed. Usually, the highest degradation initially occurred during first 24 h, continuing more or less equally over 48 and 72 h. Exception was the degradation trend in samples fortified with highest pesticide concentration (15MRL) incubated at the lowest temperature (23°C), where practically at day one there was no pesticide dissipation whatsoever. Earlier in studies it was noticed that presence of various pesticides affect S. cerevisiae growth in the way that growth rate was affected, while the final biomass production was not. Thus pesticide contamination at higher level temporary reduced cell growth rate, while after a period of inactivity microorganisms encountered growth resumption (Jawich et al. 2006; Braconi et al. 2006 ; Santos et al. 2009 ). Considering this, and optimal temperature growth of S. cerevisiae being higher than 23°C, obtained exception in the degradation trend was not surprising. As for samples fortified with 15 MRL and incubated at 30 and 37°C it was most likely that negative impact of pesticide at S. cerevisiae growth rate was overcome by optimal temperature conditions, i.e. yeast required shorter period of adaptation, thus degradation rates were ) extracted from samples after sterilization in autoclave was determined at each fortification levels for correction of pesticide concentration level at the beginning of incubation (n = 3) B Control wheat sample has no yeast addition, fermented wheat sample I, II and III were inoculated at levels 6, 8 and 10% (v/w) respectively C Pirimiphos methyl (mg kg -1 ) extracted from samples at day zero was determined as analytical recovery rates (n = 3) D Degradation rate constant equally distributed through time. Overall, regardless fermentation parameters, the degradation rate constants of pirimiphos methyl in fermented wheat samples were comparable with control samples, increased by 255-573, 56-116 and 119-594% respectively in samples fortified with MRL, 5MRL and 15MRL. These results evidenced that yeast played an important role in promoting pirimiphos methyl dissipation in wheat dough.
Ability of S. cerevisiae cells to adsorb various contaminants from surrounding, whether organic or inorganic, were determined earlier (Razmkhab et al. 2002; Goyal et al. 2003) . This implied possibility for adsorption of pesticide molecules, as well. During the fermentation procedures behaviour of present pesticide depended on its physical-chemical properties as well as on the type and character of the process (Regueiro et al. 2015) . Sharma et al. (2005) demonstrated the considerable degradation of different groups of pesticides (endosulfan, deltamethrin, malathion, propiconazole, chlorpyriphos and hexaconazole) during bread-making process, whereby the degradation of all tested pesticides varied with their concentrations present in the samples in the way that the loss of residue decreases as residue concentration in the sample increases. Ruediger et al. (2005) considered that when it comes to pesticide residue loss during fermentation, polysaccharides in the microbe's cell wall might be responsible vectors. They revealed a decrease in pesticide by microorganisms resulted from the adsorption on the cell walls, and biological degradation less likely the key mechanism for the same. However, in present study the pesticide extraction was done from fermented wheat samples coupled with yeast cells i.e. the yeast cells were not removed from samples prior extraction. Thus, during sample preparation, procedure allowed for molecules of pesticides possibly adsorbed on the cell wall extracted. The dissipation of pirimiphos methyl may also be the consequence of microbial enzymatic activity, which may have caused biological degradation instantaneously, but also could require an adaptation stage for microbes in the surrounding contaminated with agrochemicals (Boethling 1993) . During the most microbial degradation of organophosphates, metabolic pathway is similar, if not identical, for all pesticides belonging to this group, whereby the first step is always catalysed by enzyme phosphotriesterase or organophosphate hydrolase produced by microorganisms (Singh and Walker 2006) . Considering that it might be assumed that degradation pathway of pirimiphos methyl by Saccharomyces cerevisiae that occurred in this experiment was same or similar.
Results of chlorpyrifos methyl biodegradation in wheat during fermentation with L. plantarum are presented in Table 4 . For this part of experiment pesticide extracted from sterilized samples immediately after inoculation (day zero) was also determined at each fortification level as recovery for correction of chlorpyrifos methyl concentration level at the beginning of incubation. The individual effect of L. plantarum on chlorpyrifos methyl residues was separated by determination of chemical degradation of pesticide which occurred spontaneously in the control wheat substrate maintained at the same temperatures as for fermentation yet without lactobacilli inoculations. As can be seen from results, when held on different temperatures for distinct time and without lactobacilli, there were reductions of chlorpyrifos methyl up to maximum 13.8% in sample fortified with MRL, 23.1% in one spiked with 5MRL and 13.1% in sample fortified with 15MRL. The highest chlorpyrifos methyl dissipations obtained at 30°C and residual pesticide in samples showed decreasing trend as incubation time progressed, still statistically there were no significant differences between variations in incubation parameters (p \ 0.1). Results recorded in this study correspond with previously reported chlorpyrifos methyl stability, tested during wheat storage at ambient conditions over an extended period. The half life for this insecticide on 30°C and 50% relative humidity is established to be 120-150 days. In surrounding with higher humidity degradation of chlorpyrifos methyl slightly increase thus the half-life in this condition is 60 days (Fleurat-Lessard et al. 1998) . During lactic acid fermentation of wheat, the inoculated L. plantarum significantly affected chlorpyrifos methyl degradation. The highest overall dissipation of this OPP was 56.7% (comparing with control and after adjusting for dissipation during sterilization) in samples contaminated with lowest used concentration (3 mg kg -1 ).
Chlorpyrifos methyl reduction rate decreased with an increase of fortification rate, reaching 38.6% in samples fortified with 15 mg kg -1 and 34.7% in samples with 45 mg kg -1 . This lower pesticide dissipation in samples contaminated at higher rate is in accordance with numerous indications of various authors regarding negative impact of pesticides especially at extreme high concentrations on lactobacilli growth (Abou-Arab 2002; Cho et al. 2009; Abou Ayana et al. 2011; Clair et al. 2012) . Variations of initial L. plantarum inoculums size had no statistically significant effect on pesticide dissipation level. Concerning fermentation temperature, the highest chlorpyrifos methyl dissipations, mentioned previously, obtained at 30°C at all fortification levels, and somewhat lower in samples fermented at 23°C (max 33.1, 22.2 and 26.9% respectively in samples fortified with 3, 15 and 45 mg kg -1 ), although ) extracted from samples after sterilization in autoclave was determined at each fortification levels for correction of pesticide concentration level at the beginning of incubation (n = 3) B Control wheat sample has no lactobacilli addition, fermented wheat sample I, II and III were inoculated at levels 6, 8 and 10% (v/w) respectively C Chlorpyrifos methyl (mg kg -1 ) extracted from samples at day zero was determined as analytical recovery rates (n = 3) D Degradation rate constant statistically there were no significant differences between those groups (a = 0.1, p \ 0.1). Significantly lower dissipation of pesticide influenced by L. plantarum obtained in samples fermented at 37°C (max 9.8, 9.7 and 5.9% in samples spiked with 3, 15 and 45 mg kg -1 , respectively). This could be explained by most adequate growth temperature for this lactobacilli being 15-35°C. Calculated degradation rate constants (Table 4) indicated that residual chlorpyrifos methyl in fermented and control samples showed decreasing trend as fermentation time progressed. As can be seen from results, during wheat fermentation by L. plantarum chlorpyrifos methyl degradation rate was equal throughout fermentation time. Overall, regardless fermentation parameters, the degradation rate constants of chlorpyrifos methyl in fermented wheat samples were, comparing with control samples, increased by 74-769, 59-237 and 46-469% in samples contaminated with pesticide at MRL, 5MRL and 15MRL levels. These results evidenced directly that L. plantarum play an important role in promoting chlorpyrifos methyl dissipation in wheat dough.
Once microbes get in surroundings contaminated with pesticides, they will utilize those chemicals as a nutrition source in order to provide sufficient amount of carbon, nitrogen and phosphorus required for cell growth, or they will simply, striving for environmental decontamination, produce pesticide degrading enzymes responsible for biological degradation (Singh et al. 2004; Bhalerao and Puranik 2009 ). Thus, lactic acid bacteria is able to produce gene encoding organophosphorus hydrolase for which Islam et al. (2010) proved to be the main enzyme responsible for degradation of nine organophosphorus insecticides. Ability of lactic acid bacteria to reduce pesticides as contaminants is determined in several works. Bo et al. (2011) established that, during yoghurt production from bovine milk, applied starters containing lactobacilli due their activity enhanced degradation of organophosphorus pesticides dimethoate, fenthion, malathion, methyl parathion, monocrotophos, phorate and trichlorphon. This was confirmed by Zhao and Wang (2012) who, testing the fermentation efficiency for dissipation of same pesticide in skimmed milk, obtained positive effect of the inoculated Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus paracasei or Lactobacillus plantarum on the kinetics of degradation. Besides milk, degradation of various pesticides (chlorpyrifos, bifenthrin, metalaxyl azoxystrobin, cyprodinil, fludioxonil, mepanipyrim, pyrimethanil, tetraconazole, DDT, lindan) by numerous lactic acid bacteria (Leuconostoc mesenteroides, Lactobacillus brevis, Lactobacillus plantarum, Lactobacillus sakei, Lactobacillus bulgaricus, Leuconostoc oenos and Streptococcus thermophilus) as well occurred in different substrates like kimchi (Cho et al. 2009; Jung et al. 2009 ), vine (Cabras et al. 1999; Ruediger et al. 2005) , cheese (Abou-Arab 1997) and fermented sausages (Abou-Arab 2002) .
The results of yeast biodegradation of pirimiphos methyl and lactobacilli biodegradation of chlorpyrifos methyl in wheat reported in this work correspondence with significant number of previously published studies regarding microbiological capacity for reduction of pesticide contamination in various food commodities. It could be cautiously concluded that fermentation as food processing technique can be used as a mean for significant reduction of excess amounts of pesticide residues in food.
Conclusion
Yeast Saccharomyces cerevisiae and lactic acid bacteria Lactobacillus plantarum showed ability for significant reduction of pirimiphos methyl i.e. chlorpyrifos methyl in wheat. Yeast fermentation was especially effective for reduction of pirimiphos methyl applied at MRL concentration, causing dissipation for max 48.8% after 72 h at 30°C, while pesticide reduction rate decreased with an increase of fortification rate at same temperature (reaching 27.1 and 23.7%). Lactic acid fermentation, activity of L. plantarum was, as well, especially effective for reduction of chlorpyrifos methyl applied at MRL concentration, causing dissipation for max 56.7% after 72 h at 30°C, and reduction rate of this pesticide also decreased with an increase of fortification rate (reaching up to 38.6 and 34.7%).
Sourdough fermentation with microorganisms, as basic wheat processing technique, might be a mean for significant decrement of pesticide contamination in food product.
